The advent of highly active antiretroviral therapy (HAART), including the use of HIV protease inhibitors (PIs) has significantly reduced the morbidity and mortality of AIDS in HIV infected patients. Unfortunately, the adverse effects of PIs, including dyslipidemia, lipodystrophy, insulin resistance, and premature atherosclerosis, are cause for concern for their use in chronic management of HIV infection (1, 2) . At present, the relationship between HAART and premature atherosclerosis in HIV-infected patients is unclear. Lipid abnormalities and insulin resistance induced by PIs can certainly increase the risk of premature atherosclerosis. Chronic inflammation associated with HIV infection, particularly the increased level of C reactive protein (3), may also contribute to accelerated atherosclerosis in these patients. Whether the treatment regimen alone directly contributes to accelerated atherosclerosis, however, has not been scrutinized vigorously.
In this issue of the JCI, Dressman et al. showed that HIV PIs directly promote atherosclerosis in mice (4) . Importantly, the authors demonstrated that PIs at a dosage that did not induce hyperlipidemia are potent promoters of atherosclerosis, thus providing the first evidence for a direct effect of PIs in atherosclerosis. Although the in vivo studies were performed in genetically-engineered mouse models of atherosclerosis, their in vitro results that PIs also induced foam cell formation in a human macrophage cell line are of significance.
The study by Dressman et al. (4) also suggested that PIs directly promote atherosclerosis by inducing CD36 gene expression in macrophages. This observation is consistent with the documented role of macrophage CD36 in atherosclerosis (5) . However, the results were in direct contrast to another study, which reported that PIs decreased monocyte CD36 levels in healthy volunteers and HIV-infected individuals (6) . The discrepancy between the two studies may be due to differences in experimental design. Whereas Dressman et al. examined CD36 mRNA and protein expression in mouse macrophages and differentiated human THP-1 cells, Serghides and colleagues focused on CD36 expression in human monocytes and undifferentiated THP-1 cells. Thus, it is possible that PIs have opposite effects on CD36 expression in monocytes and macrophages. If this turns out to be the case, PI-induced down regulation of CD36 expression in monocytes and other cell types may be responsible for impaired glucose tolerance, insulin resistance, and hyperlipidemia (6), whereas their up-regulation of macrophage CD36 may promote foam cell formation and atherosclerosis (4). CD36 is a major fatty acid transporter in tissues with high metabolic capacity (5) . Its down-regulation in tissues such as the heart, adipose, and skeletal muscle would impair fatty acid utilization and decrease insulin responsiveness in these tissues, thus resulting in glucose intolerance, insulin resistance, and hyperlipidemia. These two effects may act synergistically in promoting premature atherosclerosis.
Dressman et al. (4) also found that PI-induced macrophage CD36 expression is related to the activation of PPARγ in a protein kinase C dependent manner. How compounds designed to inhibit protease activity influence protein kinase C activity and activate PPARγ gene transcription remains unclear. However, it is now established that PIs, particularly ritonavir, are also inhibitors of proteasomemediated protein degradation pathways (7, 8) . These include their inhibition of activated SREBP degradation, resulting in constitutive activation of SREBP-1 and SREBP-2 responsive genes (8) . Since activated SREBPs are also promoters of PPARγ expression (9), the PI-induced PPARγ and CD36 expression may be mediated via PI-induced activated SREBP accumulation in the macrophage nucleus. This hypothesis would predict that PIs promote atherosclerosis through two mechanisms, both involving increased SREBP activity (Figure 1 ). One mechanism is through PI-induced metabolic complications that increased the risk of atherosclerosis; the other mechanism is a direct effect of PIs on macrophage foam cell formation. If this hypothesis is proven correct, then novel compounds that inactivate SREBP activity may be designed and used to alleviate both metabolic and cellular complications that promote cardiovascular events associated with HAART.
